Abstract. The article demonstrates the methodology of the substantiation of the calculated values of moisture, strength, and deformability characteristics of clay subgrade soils for the design of pavements by strength conditions in II, III, and IV road-climatic zones in West Siberia. The main purpose of the work is to ensure the quality of the design of roads in newly developed regions of Russia. To achieve this goal the following problems have been solved: the dislocation of boundary lines of road-climatic zones has been specified, zoning of the investigated territory for the design of roads has been detailed; regularities of changes in strength and deformability characteristics of clay subgrade soils of their moisture have been established; the territorial normalization of the calculated values of moisture, strength, and deformability of clay subgrade soils in relation to the allocated road districts has been carried out. Specification of boundary lines of roadclimatic zones has been implemented on the basis of the taxonomic system "zone-subzone-road district". The calculated values of moisture, strength, and deformability characteristics of clay soils, established and differentiated according to road-climatic zones, will ensure the required level of the reliability of transport infrastructure facilities during the life cycle of roads.
INTRODUCTION
Clay soils used in building of pavements are in highest demand among materials applied in construction of automobile roads. The consumption of clay soils in construction of high-grade roads can amount to 100 thousand cubic meters or more per 1 km of road. Clay soils belong to quaternary deposits. They are found on all continents, but are most common in Europe, Asia, and America [1, 2] .
The calculated values of moisture, strength, and deformability characteristics of subgrade soils used in the design of flexible road pavements, recommended by ODN 218.046-01 (Russian Road Industry Coad), were obtained mainly from the studies carried out in the European part of Russia, and for roads of other territories they were differentiated by road-climatic zones without a sufficient substantiation. Therefore, in the design of road pavements, for specific objects, the ODN 218.046-01 in a number of items (1.7, 2.37, 3.28) suggest taking into account the data of the regional scientific and practical experience. It should be noted that there are two approaches to the design of road pavements in the world. For example, in Austria (RVS 8S.06.32. Austrian Association for Research on Road, Rail, and Transport, Guidelines and Specifications for Road Construction), Belgium and Germany (RStO 01 Richlinien fur die Standartisierung des Oberbaues von Verkehrsfiuchen) there are albums of typical road constructions, which list the complete design-and-technological solutions that take into account different loads on the axis of vehicles as well as climatic natural-conditions of individual regions. The second approach is a unified process of the design and calculation of the road pavement. It is characteristic of Russia (ODN 218.046-01), France (SETRA-LCPC (French design manual for pavement structures) and England (Design Guidance for Road Pavement Foundations (Draft H25)). At the same time, regardless of the design method, specialists are certainly guided by the calculated values of subgrade soil characteristics. The moisture of soils and their strength and deformability characteristics are in highest demand when calculating road pavements in regards to strength conditions.
SPECIFICATION OF THE CURRENT ROAD-CLIMATIC ZONING OF TERRITORIES OF ADMINISTRATIVE UNITS
The solution of problems related to zoning of certain areas, for example, for purposes to ensure the quality of the design of automobile roads, is carried out by the researchers, as a rule, by applying the experience of a componentwise overlay of cartographic diagrams of the distribution of zonal, azonal, intrazonal, and regional geocomplexes. The experience in the development of principles of road zoning [3] [4] [5] [6] shows that a rational consideration of the complex of regional climatic conditions may be based on the use of the element "road district" of the taxonomic system previously shown in [3] -"zone -subzone -district -site". It shall be noted, that the taxon "site" can be used in the design and construction of unique structures, but in terms of mass road construction it can be neglected. In 1986, in Germany, different variants of typical constructions of road pavements were offered for certain districts of the country differing by climatic conditions, depending on the intensity and the composition of the traffic flow (RStO 01). In the US, the Interagency Guidance for Road Research [7] has allocated 97 physical-geographic districts according to the bearing capacity of soils and their changes under the influence of moisture, as well as according to the availability of road-building materials [8] .
Analyzing the traffic climatic zoning of the territory of China it is possible to conclude that it is based on methodological techniques previously used on the territory of the former Soviet Union, which is why the borders of the two countries have the same road-climatic zones. Depending on the moisture degree, the depth of soil freezing, and the temperature, the territory of China is divided into seven road-climatic zones. There are 33 road districts allocated within each road-climatic zone, taking into account the terrain and climate conditions (JTG J003-86. Highway natural zoning standards). The most extreme, according to climatic conditions, road districts are located in northern China. Therefore, depending on the temperature zoning, three zones are additionally allocated in China according to permafrost conditions: very heavy permafrost zone, heavy permafrost zone, and average permafrost zone (JTG D20-2006. Highway route design specifications).
The proposed methodology for substantiation of the calculated values of moisture, strength, and deformability characteristics of clay subgrade soils includes two blocks of research. The first block includes the operations related to the allocation of homogeneous territories (road districts). The implementation of operations in this block implies: first -formation of the information base for simulation of the parameters of zonal, intrazonal, and regional geocomplexes; second -specification of the boundaries of zones, sub-zones, and road districts with the involvement of data-processing technologies; third -adjustment of the boundary location of districts, sub-zones, and zones for adjacent territories of administrative units. The content of the abovementioned operations is reflected in detail in the article [9] .
The result of works performed in the first block is a schematic map of the distribution of boundary lines of roadclimatic zones in the territory of Western Siberia, including 14 administrative units (the Republic of Altai and Khakassia, Altai and Krasnoyarsk territories, Kemerovo, Kurgan, Novosibirsk, Omsk, Sverdlovsk, Tomsk, Tyumen, Chelyabinsk regions, Khanty-Mansiysk and Yamalo-Nenets autonomous districts). The territories of zones are divided into sub-zones by the type of the relief and homogeneous by geocomplexes road districts with a detailed characterization of main geocomplexes. For the territory of Western Siberia four road-climatic zones (I, II, III, and IV), three sub-zones (P -plain, U -undulated, M -Mountainous), and 112 traffic areas are recommended. [9] For example, in the territory of Omsk region there are three road-climatic zones (II, III, and IV), one subzone (flat), and 8 road districts (from 1 to 4 depending on the zone and the subzone) (Fig. 1) .
The second block of studies reflects the works aimed directly at the substantiation of the calculated values of clay subgrade soils used in the design and calculation of road pavements, as applied to the allocated road districts.
THE APPROPRIATION OF CALCULATED VALUES OF CHARACTERISTICS OF SUBGRADE SOILS IN THE DESIGN OF ROAD PAVEMENTS
In the design of transport infrastructure facilities on the territory of the Russian Federation the specialists are guided by a set of indicators differentiated by road-climatic zones (ODN 218.046-01 and SNiP 2.05.02-85* Highways (Russian Construction Codes)). As noted above, a "road district" is accepted as a unit of road-climatic zoning, which is characterized by the same strength and stability of homogeneous road constructions [9] . The calculated values of characteristics (moisture, strength and deformability) of clay soils of the working layer of a subgrade should be substantiated for each road district allocated in the investigated area.
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II, III, IV -road-climatic zones based on the results of the research performed in TSUAB; 1-4 -numbers of road districts allocated in the territory of Omsk region; F -subzone by the type of the relief (flat).
FIGURE 1. The schematic map of road-climatic zoning of the territory of Omsk region
THE APPROPRIATION OF CALCULATED VALUES OF CHARACTERISTICS OF SUBGRADE SOILS IN THE DESIGN OF ROAD PAVEMENTS
In the design of transport infrastructure facilities on the territory of the Russian Federation the specialists are guided by a set of indicators differentiated by road-climatic zones (ODN 218.046-01 and SNiP 2.05.02-85*). As noted above, a "road district" is accepted as a unit of road-climatic zoning, which is characterized by the same strength and stability of homogeneous road constructions [9] . The calculated values of characteristics (moisture, strength and deformability) of clay soils of the working layer of a subgrade should be substantiated for each road district allocated in the investigated area.
The carried out studies [9 -11] show that key factors that contribute to strength and deformability values of soils include natural-climatic and soil-hydrological conditions and, as a result, the moisture of a subgrade soil and materials of layers of a road pavement.
Field measurements of the moisture of subgrade soils, in substantiation of its calculated values, can be performed both on the functional road network through equipping with stationary monitoring stations, and on specialized sites.
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The United States has a great experience in this matter [4] , where in 1950-1960 large-scale long-term studies were launched on experimental sites in different regions with different climatic conditions. Given the fact that on the territory of the Russian Federation the road network has developed very unevenly, the performance of field measurements of the moisture subgrade soils is impossible in some territories. In addition, the limited time period allotted to perform engineering research does not always allow performing sampling of soils in the accounting period of the year. Therefore, in newly developed areas the appropriation of the calculated moisture of subgrade soils is carried out with the use of mathematical modeling [9] .
For districts characterized by deep seasonal freezing and excessive moisture of soils the method of Prof. I.A. Zolotar is most optimal [12, 13] , as evidenced by the results of studies by Prof. V.N. Efimenko in West Siberia [14] . The methodological scheme for the appropriation of calculation characteristics of subgrade soils includes five sequentially performed stages: the first stage includes the determination of the duration of periods of the autumn moisture accumulation (τ ms ) and freezing (τ fr ); the second stage includes the establishment of average autumn moisture of subgrade soils W AUT to the end of the period of autumn moisture accumulation; the third stage consist of the determination of characteristics of the freezing rate ( ) of the working layer of a subgrade; the fourth stage includes the appropriation of the calculated value of the subgrade soil moisture ca lc rel W taking into account the migration of moisture during soil freezing; the fifth stage is directed on the establishment of graphic and functional dependencies of the elasticity modulus, the angle of the internal friction, and the specific cohesion of clay soils of the working layer of a subgrade on the values of the calculated moisture. Since the content of the first four steps has been in detail disclosed in [8] , we shall focus on the content of the fifth stage of the work.
The complex of field and laboratory works performed by the authors in Western Siberia has allowed establishing the composition and properties of clay soils of the working layer of subgrades. The road network of the region has been equipped with more than 100 sites for visual and instrumental observations of the changes in parameters of the water-and-thermal regime of subgrade soils during several annual cycles, which allows considering the particularities of the water-and-thermal regime in various climatic conditions. In the course of the research the remote and laboratory research methods were used. Due to the fact that the number of samples of subgrade soils selected in the investigated territory exceeded 900 there was a necessity to perform statistical processing of the results of field and laboratory tests on moisture, strength, and deformation properties of soils, established within a few years of observations. The statistical analysis included the evaluation of a set of values obtained during the tests for the presence of "pop-up" variants and the verification of the possibility of combining a series of tests carried out for individual administrative units into one statistical number [8] .
As a result of processing of statistical series it has been found that nearly 3% of the experimentally obtained values of the results on the determination of moisture, strength, and deformability properties must be called as nonrelated to the general population.
Due to a combination of statistical series of observation results the functional and graphical dependencies Е sl , φ sl and С sl =ƒ( ca lc rel W ) have been established for clay soils that are most common in the investigated area. These dependencies are best approximated by an exponential curve. An example of such a dependence obtained for the territory of Omsk region is shown in Figure 2 .
In particular, the elasticity modulus of the clay soil (silty loam) for territories of Omsk region can be determined using a functional dependence (1) 
where Е sl is the elasticity modulus of soil, MPa;
ca lc rel W is the calculated relative moisture of the working layer of a subgrade, u. f.
The correlation coefficient between the two investigated parameters, in this case, was r = 0.79, which was the basis for the application of the functional dependence (1) during the determination of the calculated values of the elasticity modulus of clay soils (silty clay loam) of the working layer of the subgrade in Omsk region.
The comparison of the research results on the properties of clay soils located in the territory of Omsk region with the Recommendations ODN 218.046-01 we shall carry by means of the overlay of the dependencies of the elasticity modulus of the working layer of the subgrade on the calculated relative moisture content on each other. Based on the obvious discrepancy between the data obtained during the experiment and the ones given in standards (ODN 218.046-01) (see. Fig. 3 ) it is possible to argue about their similarity or the difference.
The obtained graphic and functional dependencies have allowed recommending, in a tabular form, the calculated values of moisture, strength, and deformability characteristics of clay subgrade soils for 112 road districts allocated on the territory of Western Siberia. Thus, for example, Table 1 lists the characteristics of clay soils of the working layer of the subgrade under conditions of the type 1 of terrain by the nature and the degree of moisture for the territory of Omsk region. 
CONCLUSION
The scientific novelty of the proposed method is to allocate homogeneous territories (road districts) in regional administrative units by the complex of natural and climatic conditions, taking into account the regularities and relationships that consider peculiarities of the water-and-thermal regime of subgrade soils and to saturate them with information by values of the calculated characteristics of clay soils.
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A methodological scheme for substantiation of the calculated values of moisture, strength, and deformability characteristics of clay subgrade soils for high quality of design of automobile roads in newly developed districts of Russia has been proposed.
The characteristics of zonal, intrazonal, and regional geocomplexes that determine the flow of the water-andthermal regime of subgrade soils in the territories of administrative units of Western Siberia have been established and systematized in the form of the initial information during the territorial allocation of zones, sub-zones, and road districts.
The geographical location of boundary lines of road-climatic zones within the territories of administrative units has been specified. Road districts characterized by uniform indicators of geocomplexes have been allocated. For the territory of Western Siberia four road-climatic zones (I, II, III, and IV), three sub-zones (F -flat, U -undulated, MMountanous), and 112 road districts have been recommended.
A set of characteristics of clay soils necessary in the design of flexible road pavements according to strength conditions has been established and normalized for each road district allocated in the territory of Western Siberia.
The results of the experimental research on determination of strength and deformation characteristics of clay soils in the investigated area are substantially different from the normalized values reflected in the ODN 218.046-01. Thus, the actual values of the calculated moisture of clay subgrade soils obtained based on the results of our studies are above normalized by 7-10% (depending on the type of the terrain by the nature and the degree of moisture) [8, 15] . The normalized values of the elasticity modulus (Е sl ) of clay subgrade soils are overestimated as compared to the results of actual observations on the example of Omsk region.
